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(54) Aerosol hazard characterization and early warning network 



(5?) An aerosol hazard classification and early 
nci nrrwork is composed of a large number of de- 
!r.:!c- rind analysis units : called "detector stations," 
deployed throughout a region to be warned 
c* * po!entiHlly hazardous aerosol intrusion. Such aer- 
oto> i^'CHts may originate from fires, volcanic eruptions, 
o' ovc^ releases of biological and chemical agents dis- 
p« 'M'd ^ aorosol form. Among the former are the char- 
acuvis!*: toxic aerosols released during refinery fires or 
opJcs»ons The latter biological agents include bacterial 
sco'cs v oph 1 1 t/ed bacterial cells, and virus prepara- 
tion;, whereas chemical agents might include various, 
to rn* nerve gasses and other anti-personnel gasses 
slc* mustard, all commonly deployed in aerosol 
to m e^ch detector station contains an aerosol han- 
anng u n<t that samples and transfers ambient aerosol 
pontics orc-at-a-time through a light scanering cham- 
t>o wncfc each such particle is constrained to pass 
in ourjn a foe aserbeam producing, thereby, an outgo- 
ing scrti crecJ light wave. The scallering chamber con- 
•tn n& n pturnltty v' scattered light detectors arranged to 
accept l»gm scattered into different angular locations. 
The sigrnis detected at each detector position are proc- 
essed by a corresponding digital signal processing chip, 
with :hc resulting set of digitized signals being trans- 
fo r rod to an on-board central processing unit. The CPU 
analyzes the set of light scattering signals and identifies 
or otherwise characterizes each particle. The classifica- 
tion/identification data are then stored and : on prepro- . 
grammed command, telemetered to a remote "central 
station" by means of an on-board telemetry unit. The 
central station analyzes the sets of data received from 
all the detector stations and then instructs, as neces- 
sary, selected detector stations via telemetric means to 



change their sampling and telemetry rates. As soon as 
sufficient data are available, the central determines the 
presence, threat, extent, and progress of the aerosol 
cloud. These factors are then telemetrically transmitted 
t by means of alarms and warnings sent to potentially 
threatened regions. 
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Description 

[0001] The present invention is concerned with a 
method and apparatus for monitoring the progress and 
composition of a cloud of aerosol particles that had been 
released previously into the atmosphere. By "progress" 
is meant position and concentration relative to a region 
for which said aerosol cloud may pose a health hazard. 
[0002] Expressly incorporated herein are the follow- 
ing patents concerning means and techniques by which 
such aerosol constituents of the cloud may be classified 
and/or identified: 

4,548,500 - "Process and Apparatus for Identifying 
or Characterizing Small Panicles." (October 22, 
1985). 

'4,693,602 - "Method and Apparatus for Measuring 
the Light Scattering Properties of Small Particles." 
(September 15, 1987). 

4,710,025 - "Process for Characterizing Suspen- 
sions of Small Particles." (December 1, 1987). 

Background 

[0003] Most of the aerosol particles present in the 
Earth's atmosphere pose little or no health hazard. Even 
the occasional dangerous aerosol particle is of negligi- 
ble importance because its concentration is so low. 
However, when pathologically hazardous aerosol parti- 
cles occur in great- n umbers r their potential to cause-ill- 
ness or injury increases dramatically. The presence of 
high concentrations of such aerosol particles can occur 
naturally or from man made sources. Volcanic eruptions 
are examples of the former while accidental chemical 
plant releases and refinery plant explosions are repre-" 
sentative of the later. 

[0004] Other natural releases of potentially danger- 
ous aerosols include those occurring during the rapid 
formations of photochemical smogs, often initiated by 
manmade contributions such as automobile exhaust 
products. The natural releases of fungal spores, such 
as Coccidiodes immitis, the causative agents of coccid- 
ioses, under the occasional environmental conditions 
needed to promote the rapid growth and maturation of 
the parent fungi, can have devastating effects on the 
health of those affected. Finally, there is a large range 
of potentially lethal aerosols that might be released by 
terrorist or military groups intent on inflicting great num- 
bers of casualties. These include aerosols of both bio- 
logical and chemical origin and their release is generally 
expected to be surreptitious. . 

[0005] When dangerous aerosol particulate clouds 
occur within or adjacent to populated areas, it is desir- 
able to provide an early warning for the inhabitants that' 
might be affected were they to inhale such aerosols. 
Such warnings can result in a dramatic reduction of cas- 
ualties in spite of the possible unpredictable collateral 
responses, such as civil unrest due to fear or panic, by 



the endangered population. It has often been reasoned 
that by the time such aerosol threats are detected and 
identified, it is too late to issue a warning to the poten- 
tially affected population. This is not generally true. 
5 [0006] Aerosol intrusions often occur as dispersals in 
the form of clouds released above the ground. For ex- 
ample, volcanic eruptions generally send huge quanti- 
ties of material into the upper atmosphere from which 
the aerosol particles fall back to the earth and only affect 

10 the local populations once they reach near ground lev- 
els. In ambient air, a particle of radius 10' 6 m = 1jj.m and 
density of 1 gm/cm 3 would require almost 3 hours to fall 
just one meter. Thus with a suitably deployed warning 
system, the threat posed by such aerosols will be as- 

?5 certained long before they reach altitudes or locations- 
where their presence might cause injury. 
[0007] There are many types of aerosols that are 
harmless. Obvious examples are water droplets or even 
fine ice mists. It is important that any viable warning sys- 

20 tern be able to differentiate between potentially danger- 
ous aerosols and the more common harmless varieties. 
[0008] The means by which aerosol threats to a local 
population be recognized is an important object of this 
invention. Obviously, for volcanic eruptions or chemical 

25 plant explosions or similar aerosol intrusions, the source 
and location of the resultant aerosol cloud is easily noted 
and tracking is often straightforward; except perhaps at 
night if visual means are used. This type of daylight 
tracking is generally passive and based on the pbser- 
-30— vation of the effect of such intrusive clouds upon back-~~ 
.ground illumination. Knowing the source of the cloud 
means that its composition is also known, at least ini- 
tially. Instrumentation may be brought into the affected 
regions for purposes of local compositional monitoring 

35 that, eventually, forms the basis for evacuation planning 
if needed. Additionally, once a potentially threatening 
aerosol cloud has been detected, its monitoring may be 
achieved to some degree by optical or radio wave prob- 
ing of the cloud using laser or radio sources at a safe 

40 distance from the threat. 

[0009] A popular concept for providing warning of an 
aerosol threat is based on a traditional RADAR ap- 
proach using laser produced radiation to probe the cloud 
threat at a distance. NASA had applied such techniques 

45. in their extensive measurement programs of 1989 
through 1 990 as a means for the profiling of aerosol and 
cloud backscatter, Doppler wind measurements, and 
the measurement of atmospheric trace species. Despite 
exceedingly large Federal expenditures in this area, the 

so technique is not expected to yield any practical optical 
signals capable of permitting cloud composition to be 
deduced. Nevertheless, for clouds of known origin, com- 
position may be deduced based on such a priori infor- 
mation. Ulich et al. in their U. S. Patent No 5,257,085 

55 discuss many elements and variations of this technique 
for probing the physical properties of distant scenes by 
use of both active and passive interrogations. 
[0010] The LIDAR (light detection and ranging) tech- 
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nique has various faults including requirements for an 
unimpeded view of the aerosol, i! e. without intervening 
particulates, atmospheric interferences; or opaque 
structures. Inferring aerosol concentrations from such 
LIDAR measurements of unknown particles is unlikely. 
'Mixed aerosol compositions as well as size distributions ' 
that are changing in time illustrate further shortcomings 
of the concept. Esproles, in his U. S Patent No. 

• 5,345,168, has explored some novel means for improv- 
ing the information content in the returned LIDAR signal. 
Min et al. in their U. S. Patent No. 5,102,218 discuss 

. LIDAR measurements at very short ranges, generally 
less than 30 meters, for extracting target signatures 
from mixtures of target components and naturally occur- 
ring aerosol particles. The referenced patent's detailed 
description includes many references to the target aer- 

. osol discrimination techniques used for so-called active 
optica! proximity sensors, together with extensive dis- 
cussion of the then-current state-of-the-art. 
[001 1 ] Stewart et al. in their U S. Patent No 4,687,337 
discuss the need to deduce the extinction coefficients 
of aerosol particles by means of instrumentation taken 
to the various sites to be studied. Such so-called point 
source or in situ measurements are contrasted in their 
patent to the conventional LIDAR measurements. How- 
ever, bringing instrumentation andpersonnel into re- 
gions thought to contain dangerousaerosol particles is 
usually avoided. For this reason, remote-sensing tech- 
niques for probing suspected targets have always been 
considered preferable. Carrieri in his U. S. Patent No. 
5.241.179 discusses this requirement in greater detail 
explaining the research programs of the U. S. Army Re- 
search. Development; and Engineering Center from the 
1960s. The objective of these programs was the devel- 
opment of remote sensors for detecting threat chem- 35 
ical and biological agents in vapor cloud, aerosol, rain, 
and..." as surface contaminants. A need for passive 
spectroscopic techniques was recognized in the early 
1970s. 

[0012] Such techniques would collect and process ra-" . 40 
diance from natural or preexisting sources. 
[001 3] Advanced development on a remote chemical 
agent detection 'unit began in 1979. As of the filing of 
the Carrieri patent in late 1 992 ; the differential scatter- 
ing/differential absorption LIDAR devices, referred to 45 
simply as DISC/DIAL devices; were said to show the 
most promise and were considered the most technolog- 
ically advanced vapor detection and range resolution 
systems currently in operation. Carrieri's invention pur- 
ported to extend these capabilities by means of a related so 
standoff detection technology that could sense contam- 
inants on/within terrestrial and manufactured surfaces 
using their infrared absorption/emission signatures per- 
mitting, thereby, personnel "...to protect themselves and 
take appropriate action to decontaminate, or avoid con- 55 . 
taminated areas altogether." These concepts still repre- 
sented a far cry from the initial objectives for the remote 
characterization of aerosol particles and associated bi- 



ological agents. There can be no doubt, reading these 
reports and the associated instrumentation descrip- 
tions, that ultimately some form of in situ detection and 
analysis would be heeded. 
5 [0014] Muran et al." hoped to address the need for in 
situ monitoring by means of their invention filed in 1998 
and issued as U. S. Patent No. 5,898,373. The method 
. disclosed provides for the seeding of the regions to be 
interrogated at some future time with "...sticky polymeric 
10 particles" that would adhere to the various local surfaces 
for long periods of time. Using spectrophotometer' 
• equipped airborne vehicles, the' reaction of these spe- 
cially prepared particles with dangerous chemicals or 
• particles would produce characteristic emissions capa- 
'5 ble of detection by the airborne instrumentation. Alter- 
- natively, the region seeded with the sticky particles , 
could be scanned from above using active laser sys- 
tems to induce excitation emissions from the materials/ 
particles "trapped" by or adhering to the sticky particles. 
20 The sticky particles would be designed to incorporate 
suitable chemicals that would react with the target . 
agents.resulting in a unique photometric signature of the 
selected target candidates . The ability of these particles 
to be observed at the moment of their deployment could 
25 be considered fortuitous, at best, since each threat must 
have to have, been anticipated by the appropriate de-_ 
ployment/seeding of a unique detector particle. 
[0015] Much Federal funding has been directed dur- 
ing the past 50 years to problems associated with the 
30 protection of military personnel from aerosol threats, 
usuallyJn the form of biological and chemical weapons. 
Small portable field instruments that would be able to 
identify small samples with great speed have received 
considerable support. Additionally, the hope to develop 
" "... revolutionary point-detection technologies... that [in- 
clude] detection devices [that] can be small (hand-held) 
instruments for individual soldier use.:v" has long been 
sought by the Government for protection of military per- 
sonnel. The quotation referenced above is from a late 
1999 request for proposals by the Defense Advanced 
Research Projects Agency (DARPA) in which they de- 
lineate their so-called "wish list." Although the concept 
of networking such devices is suggested, portability in 
the field is stressed. 

[0016] Unfortunately, the DARPA emphasis, dis- - 
cussed above, falls short of a practical approach in sev- 
eral regards: First, is the lack of a warning system for 
purposes ofalerting the civilian population of an impend- • 
ing threat. The first detection with such DARPA devices 
would occur when the individual carrying the device en- 
ters the field or is enveloped in the threat cloud. There 
is no attempt to develop an early warning system. Next, 
this particular procurement devotes extraordinary atten- 
tion to the need'of avoiding false positive alarms despite 
the fact that the mere presence of a biological aerosol ' 
itself is cause for immediate concern and alarm. Natu- 
rally occurring biological aerosols are extremely rare 
events. 
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[001 7] Key to any warning system is the ability to de- 
tect the aerosol tnreat as soon as possible after it has 
been released. Once an aerosol threat has been re- 
leased, the local concentrations of the offending parti- 
cles are extremely high. For example, it has been esti- 
mated recently, following the analyses of the Russian 
anthrax accident at their Sverdlovsk facility, that about 
1 0 viable spores of B. anthracis are required in the lungs 
of a healthy individual to cause disease. This would re- 
quire ambient concentrations of the order of tens of 
thousands per liter of air. To achieve such concentra- 
tions the aerosol concentrations near the release zone 
would require the presence of at least 1 0 6 to 1 0 7 per liter 
of air. Accordingly, near the release point, classification/ 
identification becomes a much-simplified task because 
of the expected similarity of each member of the aerosol 
cloud ensemble. Finding a suitable signal becomes far 
simpler- if detection is prompt and close to the release: 
nr objective of the present invention. In such a huge col- 
lection of positively identified aerosol particles, the prob- 
rit-iiity of misclassifying the entire ensemble, and thus 
tno detected event itself, becomes vanishingly small. It 
io .i major objective of the present invention to focus "on 
in 2 lofcsl." so to speak, rather than a particular "tree." 

(0018) Additional emphasis of the DARPA procure- 
m-:n\ wnicn is typical of those issued by the Federal 
Government during the prior 30 years, is placed upon 
tf. mod to differentiate between live and dead biolog- 
k .v jMfi clos in the threat aerosol cloud. The belief that 
<.r r ni.fmrtt)on-of-the f act-that- because a threatening aer>- 
pto» certains an overwhelming quantity of dead micro- 
■o' >tnisms there are no remaining dangers associated 
tttf-i i*c trace viable cells cannot be considered a valid 

* tiiv&is of such a threat. The detection .of the presence 
oi potent Ml pathogens, irrespective of their viability, is 

* essential element of any early warning system. 

(0019) Threats associated with chemical agents are 
,i jcj?cssed also by various Federal procurement activi- 
ties One ot the more interesting is the Shipboard Auto- 
mij.c Liquid Agent Detector (SALAD) program whose 
scocif.iCrtiion and related solicitations have long been in 
proqress " Tne SALAD acquisition program has been 
initialed to provide the Navy with the capability to auto- 
.m-tticHtiy detect liquid chemical warfare agents. This* ac- 
quisition program has been underway for approximately 
five years curing which the Government has developed 
rif U produced a prototype SALAD that has been ana- 
lyzed ard tested to confirm its potential to meet Navy 
operational requirements...." Later, within the specifica- 
tions it is stated "... The SALAD shall automatically de- 
tect hquid nerve (G- and V-series) and blister (H- and L- 
sencs) agents at the concentrations and droplet sizes 
as follows: - concentration: 2.0 mg/m2 and higher- drop- 
let si/e median mass diameter of 500 micrometers and 
larger { Objective - 200 micrometers and larger}.. . ." What 
is particularly striking about this activity is the enormous 
si/e associated with the median size: 500 urn. At this 
size in ambient air, the particle will fall 1 meter in about 



22 seconds. The detection system has 60 seconds to 
make an identification of the agent and issue a warning 
within which time the particle would have fallen almost 
3 meters. Detection issues are complicated further by 
s the ship's motion as well as. ambient wind effects on 
moving the agents. Associated with such large particles 
are expected to be smaller particles that may well be 
undergoing evaporation. It is this latter fraction of a de- 
ployed chemical agent aerosol that would be most use- 
io fully detected since the aerosol's associated size distri- 
bution would be changing in time. It is a further objective 
of the present invention to monitor the size distribution 
and its changes with time as a means for detection of 
such agents. Natural aerosols comprised of water par- 
's tides would exhibit similar behavior except for a very 
important and easily detected difference: the refractive 
index of water droplets is expected to be about 1 .33 in 
contrast to that of a typical chemical agent. The present 
invention will extract the refractive index of selected aer- 
20 osol particles as required from their recorded light scat- 
tering characteristics. 

[0020] It is an object of the present invention to pro- 
vide an explicit means to detect and monitor the com- 
position of a potentially threatening aerosol cloud arriv- 
es ing at remote locations by remotely positioned detector 
means. Such detectors, called "detector stations/ 1 are 
capable of performing a set of scattered light measure- 
ments by which the target aerosol particles are well clas- 
sified and/or identified, one-at-a-time, at each locale 
.30^where they-are r detected. Each- detector- station trans- 
mits its collected and processed information by telemet- 
ric means to a central station that is responsible for fur- 
ther processing of the received data. Important among 
the latter processing activities is the prediction of the 
35 movement of all elements of the aerosol cloud. 

[0021] Another objective of this invention is to process 
further the reduced data received by transmission 
means from each deployed detector station to permit 
prediction of arrival time and threat danger to sites not 
40 yet exposed to said aerosol cloud. A means by which 
„ air mass movement could be followed is described in U. 
S. Statutory Invention Registration # H111 issued 5 Au- 
gust 1986 to Barditch et at. Their tracking technique 
seems of little practical consequence since they must 
,45 seed the air mass to be monitored at one location with 
Bacillus thurengiensis spores and then cultu re a sample 
of air collected at a second location. The subsequent 
growth on a specially prepared culture plate of the seed 
spores confirms the origin of the sampled air and the 
50 numbers recovered a measure of the diffusion of the 
seeded sample during its journey. This method is inap- 
plicable as a warning system and requires the a priori 
detection and location of the aerosol threat. Sometimes, 
should the aerosol threat be detected or noticed and if 
55 it is known to contain spores or other culturable organ- 
isms, such sampling may provide a historical record of 
the threat, but no warning. Interestingly, and as a con- 
sequence of the present inventive method, the bacterial 
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spore seeding implementation of Barditch et al could 

easily be . replaced thereby using polystyrene latex 
spheres of nominal diameter 1 urn. Since such particles 
are readily detected in real time with an element of the 
present invention, results can be almost instantaneous 
since no time- and labor-consuming culturing would be 
required. 

[0022] Another objective of the invention is to provide 
rational central station decisions, based upon analyses 
of all data collected from the set of deployed detector 
stations, to provide an alarm and/or warning of the ex- 
pected arrival time of the dangerous aerosol cloud and 
its probable composition, and suggested means for pro- 
tection of the soon-to-be-exposed populations. This 
alarm and warning is prepared for each locale on an in- 
-. dividually calculated: basis. Thus one region might be 
given a ten-minute warning whereas another simultane- 
ously might receive a two-hour warning. Each such re- 
port to each specified locale is updated in a timely man- 
ner and communicated to' each potentially affected lo- 20 
cale to insure maximal warning for the threatened pop- 
ulation. ' 

[0023] A further objective of the invention is to use the 
central station to regulate data collection and analysis ' 
rates at each detector station, collectively or individually, 25 
by telemetry means. ■ ■ • 

[0024] . There are many different means for character- 
izing aerosol particles at a fixed location. For example,, 
Cole in his U.S. Patent number 5,296,9 10 describes the * 
use of multiple force fields combined with Doppler ve- 30 
locimetry to obtain particle density, diameter, electric ■ 
charge, magnetic moment, and other physical attributes 
, . of individual particles. Gerberin his U. S. Patent number 
' 5,315,115 describes optical means of determining par- 
ticulate integrated properties that could then be used to 35 
classify an aerosol in terms of its integrated volume con- 
centration, integrated surface area concentration and 
aerosol extinction coefficient in the infrared spectral re- 
gion. The text "Modem methods of particle size analy- 
. sis" edited by Howard Barth (Wiley-lnterscience, New *o 
. York 1 984) discloses a large number of techniques by 
which the aerosol particle sizes may be determined. 
Theodore Provder has edited several collections of pa- 
pers tor the American Chemical Society Symposium Se- • 
ries on the analysis and characterization of particles and *s 
particle size distributions. under the title "Particle size- 
distributions 1 , 1 1, and 1 1 1" in 1 987, 1 992, and 1 998. There 
are literally hundreds of texts and thousands of scientific 
articles on related topics of particle characterization. 
There is, however, one technique with the greatest so 
breath of application for aerosol particle characteriza- 
tion. , 

[0025] The most powerful technique for differentiating 
and characterizing individual aerosol particles is by \ 
...... means of light scattering. In their broadest sense, light .55 

scattering measurements are performed using a colli- 
mated monochromatic light beam through which the 
particles pass, generally one-at-a-time. During its transit 
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through the beam, a particle scatters some of the light 

• incident upon it, This scattered light is then collected by 
means of collimated detectors positioned at discrete 
scattering angles with respect to the direction of the in- 

•5 cident light beam. Each detector may be fitted with var- 
ious optical elements including polarizing analyzers; in- 
terference filters, electrooptical shutters, neutral density 
filters, waveplates, and other optical elements. Even in 
its simplest implementation, with all detectors lying in a 
10 plane and no analyzer at any detector, Wyatt and his co- 
workers have demonstrated the powerful characteriza- 
tion capabilities of the technique including the following: 

• For determining the ref ractive index and size of sim- 
ple, homogeneous polystryrene latex particles 
."Measurement of the. Lorenz-Mie Scattering of. a 
Single Particle: Polystyrene Latex,!' with D.T. Phil- 
lips and R.M. Berkm'an, j; of Colloid and Interface 

' Science 34, 159(1 970);\ 

• For the study of bacterial spores ' * 

"Dielectric Structure of Spores from Differential 
Light Scattering," Spores V, 
American Society for Microbiology, (1971); ' 
'' "Observations on the Structure of Spores," J ; 
Applied Bacteriology 37, 48 (1 975); ■ 

• For the 'detection and characterization of photo- 
• chemical smog particles 

"Single Particle Light Scattering Measurement: 
Photo-Chemical Aerosols and 
■ 'Atmospheric Particulates," with D.T. Phillips, * 
Applied Optics 1 1 , 2082 (1972); 

• ■ For differentiating aerosolized bacterial cells 

"Structure of Single Bacteria from Light Scat- 
\ tering," with D.T. Phillips, J. Theor. ' 
Biol. 37, 493 (1972); . 

• For measuring the accretion of acid-like coatings on 
aerosol particles generated by power plants 

"Some Chemical, Physical and Optical Proper- 
■ - " ■ ties of Fly Ash Particles," Applied 
Optics 14, 975 (1980); ' 

[0026] The detector system described in U. S. Patent 
number 4,693,602 by Wyatt et al., as well as in the pa- 
per: 

"Aerosol Particle Analyzer," with Y.J. Chang, C. 
Jackson, R. G. Parker, *D.T. Phillips, - 
S.D. Phillips,- J R. Bottiger and K.L. Schehrer, Ap-- 
plied Optics 27, 21 7 (1 988), represents an early ver- 
sion of a more general detector incorporating out- 
of-plane measurements as well as depolarization 
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analyzers. This earlier device as disclosed and im- 
plemented was very large, requiring an argon-ion 
or HeCd laser as an illumination source and individ- 
ual photomultiplier detectors connected to a read 
head by means of optical fibers. Accordingly, it had 
a very high power consumption that made it difficult 
to operate on battery supplies for extended periods 
of time. The photomultiplier power supplies and as- 
sorted computer and aerosol handling systems 
■ added further bulk and cost to the analyzer making 
it impractical for any type of field deployment. 

[0027] In order to monitor successfully potentially 
dangerous aerosol threats and differentiate them from 
harmless constituents, a large number of individual light 
scattering detector stations must be placed strategically 
around and throughout the region to be protected. Al- 
though the concept of a "point source" detector, i: e. one 
that is localized and restricted in its range of detection, 
has been recognized for many years, the concept of link- 
ing such detectors cooperatively in a network and pro- 
viding individual detectors the means to function fully 
and independently in classifying the local aerosols it 
may sample has not been considered previously and 
represents a further objective of this invention. 
[0028] Networked detectors have been used exten- 
sively for telecommunications purposes and similar 
techniques of linking localized detector units have been 
used frequently to provide fire and intruder protection 
for^buildings_and_similar_regions..Such.sorcalled.wire^ 
less warning systems employ a variety of signal 
processing techniques to insure high reliability. For ex-^ 
ample, Sanderford et al. in their U. S. Patent number 
5,987 ; 058 employ a spread spectrum technology with 
high reliability for the continuous monitoring of a build- 
ing. Sheffer et al. in their U. S. Patent number5,568,535 
describe explicitly a cellular alarm unit that includes cel- 
lular phone functions permitting cellular connections to 
remote monitoring stations. The remote monitoring sta- 
tions detect an emergency condition by means of sen- 
sors that preferably include fire sensors, perimeter sen- 
sors for.detecting opening of doors or windows, for ex- 
ample; and a panic switch lor activation by an individual 
within the enclosed area in the event of a medical or 
other emergency. The Sheffer et al. system is intended 
to circumvent more conventional hard-wired systems 
thai are easily defeated by severing the traditional tele- 
phone wiring. There are many other types of alarm sys- 
tems that provide for efficient, cost-effective andreliable 
cellular-type radio/telephone communication system in- 
cluded within an alarm system to provide wireless com- 
munication. such as described by Smith et al. in their U. 
S. Patent number 4,993,059. 

[0029] All of the aforementioned alarm systems that 
make use of a network of cellular or other wireless in- 
tercommunications means are based on sensors in- . 
tended to detect and then warn of a class of easily mon- 
itored phenomena. Most important among these are fire 



and smoke detection, intruder presence, physical pa- 
rameters such a temperature and humidity, panic 
alarms, television monitoring stations, radiation detec- 
tion, etc. As will be evident from the detailed description 
5 of the present invention, the sensors used therein are 
both distinct and uniquely different from sensors of 
these types in the following ways: the sensors provide 
for data collection and real-time processing and analy- 
sis; the sensors incorporate a variety of electrooptical 
10 elements as well as. a fully functional microprocessor; - 
the can be reprogrammed; the sensors include means 
for sample handling. 

[0030] Each station must be capable of processing 
the data it collects and telemetering the results to a cen- 
15. tral station that would collect such results from all sta- 
tions for subsequent analysis and make decisions con- 
cerning alarms or other warnings. Despite the existence 
of a wide range of analytical tools for the counting, sizing 
and classifying aerosol particles, there has been no at- 
20 - tempt to integrate some of these tools with a means for 
appraising the threat of an aerosol intrusion and alerting 
the targeted population of the need to protect itself The' 
present invention discloses a straightforward means by 
which.this may be achieved. 

25 

Brief description of the invention 

[0031] The invention disclosed here describes a 
means, comprised of an array of light scattering detector 
_30_.stations.and.theitanciHary.electronic and physical jnfra- 
structure, by which communities, buildings, com- 
pounds, military bases, airports, embassies, parks and 
other selected regions may be warned of the presence 
of an impending aerosol threat. Key to the successful 
35 operation of such a system are detector stations capa- 
ble of preparing ambient air samples for measurement, 
measuring and classifying aerosol particles therein one- 
at-a-time using multiangie light scattering over a broad 
range of discrete scattering angles, identifying specific 
40 threat subclasses from the data so-collected and ana- 
lyzed within the collected aerosol sample: counting rel- 
ative numbers of such subclasses, monitoring physical 
changes that may be occurring throughout the analysis 
period, and reporting all processed data via integrated 
45 telecommunications links to a central control station. 
[0032] Each light scattering detector station includes 
a scattering chamber traversed by a fine laser beam, 
together with the capability to: dilute the sampled aero- 
sol stream so that only a single particle is in the beam 
so at any moment; make light scattering measurements on 
• each transiting particle over a broad range of discrete 
scattering angles using detectors that may incorporate 
polarization and fluorescence analyzers; and, process 
the data collected identifying, thereby, the type and 
55 class of each aerosol particle measured. Data process- 
ing and classification are achieved using an integrated 
microprocessor system that contains random access 
memory and read only memory incorporating the pre- 
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programmed software required for particle classifica- 
tion. In addition, each such station has a compact trans- 
mitter similar in concept to the GHz transmitters used 
by conventional cellular.telephones. 
[0033] Each detector station, which has been sited 
previously to form a component of a multi-detector net- 
work spanning the region to be monitored, is connected 
via a telecommunications link to a central station. The 
central station receives and processes all data transmit- 
ted from the linked detector stations. On the basis of 
such processed data, the central station monitors the 
aerosol cloud's position and composition, evaluates all 
potential threats to the region being monitored, com- 
mands specific detector stations as required to change 
or modify such detectors' specific collection rates and 
processing' and issues alarms and/or near real-time 
warnings to subregions of any potential problems ex- 1 
pected from the aerosol cloud. 

Brief description of the drawings 

[0034] 

Figure 1 shows the major components of a typical 
Detector Station. 

Figure 2 is an internal view of a typical scattering 
chamber for making MALS measurements from 
aerosol particles, one at a time. 
Figure 3 is an example of a Detector Station deploy- 
ment 

Figure 4 shows details of the Central Station 

Detailed description of the invention 

[0035] The present invention makes use of the sam- 
pling and analytical capabilities of a large number of so- 
phisticated detector stations to appraise and track the 
movement of and dangers posed by an aerosol cloud or 
dispersal. Each detector station, collects and processes 
the light scattering signatures of individual sampled par- 
ticles of the incident aerosol ensemble and then classi- 
fies or identifies each such particle. Incorporated in each 
station is a complete sampling capability that entrains 
sampled * aerosol panicles within a particle free air. 
sheath and transports them one-at-a-time through an in- 
cident beam of monochromatic light: The detector sta- 
tion contains also means to detect the subsequently . 
scattered light over a broad range of discrete scattering 
angles. These scattered light signals are processed dig- 
itally by electronic means and transmitted to a central 
processing unit, CPU, means for subsequent classifica- 
tion and processing. Once a predetermined quantity of 
aerosol particles have been so -processed, their identi- 
fication, size distribution and other derived features are 
telemetered to a central station. The central station, 
which receives the analytical results of the many detec- 
tor stations, must then correlate the data, determine the 
cloud's composition, estimate its movement, predict its 
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potential effects on the threatened population, and initi- 
ate appropriate alarms and warning signals to protect 
said population. 

[0036] In their preferred embodiment, the detector 
5 stations of the present invention are compact, use small 
. yet powerful solid-state lasers, have built-in hybrid pho- 
todiode detectors each of which has an associated dig- 
ital signal processing (DSP) chip, and incorporate a 
complete microprocessor system including random ac- 
10 cess memory and programmable memory. The DSP 
chip may be replaced with any combination of electronic 
components that will achieve the same objective, i. e. 
find the peak scattered light signal at each detector as 
the scattering particle passes through the laser beam 
is and- convert such, signals into a digital form for subse- 
quent processing. This could be accomplished for each 
detector by means of separate peak detector circuits, 
sample-and-hold circuits, and an analog-tb-digital con- 
verter. 

20 [0037] : A key element of each detector station is its 
aerosol handling capability, discussed above, by which 
aerosol particles incident upon the detector station may 
".- be sampled and drawn into the scattering chamber by 
laminarflow means, said laminarflow also providing suf- 
25 ficient dilution to insure that the aerosol particles pass 
■■ - * ' through the incident laser beam one-at-a-time. The aer- 
osol handling functions are all under the control of the 
same on-board computer that receives the digitally 
processed light scattering signals from the each of the 
30 station's detectors. The rate at which these signals are 
received provides the basis for the on-board computer 
to regulate dilution and laminarflow speeds. An event 
counter, also underthe control of the computer, provides 
data that are combined with the dilution status to gen- 
35 erate instantaneous particle number density. The proc- 
essed light scattering data permit subsequent calcula- 
' tion of the differential size fraction distributions for each 
class of particles detected, or just the predominant type 
according to programming. 
40 [0038] The preferred embodiment of the individual de- 
tector stations operates in a manner to conserve power 
whenever possible. For example, the light source, pref- 
erably a solid state laser such as a GaAs laser operating 
with an output power level of about 30 mW at a wave- 
rs length of around 680 nm, need be activated at a very 
low duty cycle. It may be turned on to sample ambient 
. air periodically, say. once every two minutes and then 
for a duration of only a few seconds. This reduced duty 
cycle can be changed rapidly whenever directed to do 
so * so by the central station or automatically whenever there 
is a significant change of events in the sampled aerosol. 
The background aerosol load is expected to be quite 
low. Filter means may be provided also to remove large 
aerosol aggregates confirmed to pose no dangers for 
55 the monitored region. 

[0039] The telemetry means incorporated into each 
detector station permits data processed by the detector 
station's on-board computer to be transmitted in real 
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time to the central station that monitors the evolution of output of such elements is compared to equivalent ele- 

the reports received from the individual stations, makes ments absent such filters. 

judgments as to the extent of the aerosol threat, if any, [0042] In the preferred embodiment of the invention, 
and determines the type of warning required for each the detectors are high gain transimpedance photodi- 
region specified as protected. The central station can 5 odes of the type manufactured, for example, by United 
transmit commands to each or any of the detector sta- DetectorTechnologies. These would be mounted direct- 
ions to change local data acquisition rates and modify . ly into the scattering chamber that incorporates the nec- 
duty cycles, as needed. The central station also can .essary collimators associated with each detector. Natu- 
modify data processing protocols, i. e. the analytical rally, there are many other types of detectors that may 
software on-board each detector station. 10 be employed similarly including photomultipliers, ava- 
[0040] The integrated computer/microprocessor of lanche photo diodes, and even CCD arrays. If the de- 
each detector station is generally preprogrammed to an- tector element must be isolated from the scattering 
alyze the digitized multiangle light scattering signalscol- « chamber for environmental reasons, then they may be 
lected from each traversing aerosol particle. From these interfaced by optical fiber means, 
analyses, the microprocessor must catalog each aero- 15 [0043] Figure 1 presents a schematic layout of an in- 
sol particle among .the classes preprogrammed and dividual detector station. It is anticipated that of the order 
store such information together with an on-going enu- of 50 such units would be required to monitor a small 
meration for each designated class. Periodically, these building complex,, whereas as many as .10,000 to' 
processed data are transmitted by telemetric means to 500,000 might be required for a small city. For the latter 
the central control station. The central station can, of 20 cases, it may be desirable to provide several central sta- 
course, modify the processing software at each detector tions coordinated through a master station. The scatter- 
station. This would be the case were the individual par- ing chamber 1 contains the light beam source 2, prefer- 
ticle events found to produce scattering patterns subse- , ably a solid state laser diode incorporating suitable col- 
quently classified as due to similar particles, simplifying, limating and beam focusing elements so as to produce 
thereby, subsequent analysis to classify newly detected 25 a plane polarized beam passing generally along a diam- 
particles. Such a modification would speed up the on- eter of said scattering chamber. In the preferred embod- 
board processing of the detector station significantly. iment of the scattering chamber, its structure is that of 
The central station or each detector station individually, a spherical shell. The ambient aerosol samples are in- 
in response to a perceived or anticipated threat, may troduced into the scattering chamber and diluted under 
determine the most-suitable rate of transmission based —so— control of-the detector station's central processing unit 
on pre-established parameters. Thus an individual de- 6 by means of the aerosol-handling module 3. The photo 
tector station subject to a rapidly changing aerosol load. detectors 4 are mounted preferably in the scattering 
may increase its sampling and transmission rates. The chamber's outer surface and, in the preferred embodi- 
central station, on the other hand, aware of anomalously • ment of the invention, are high gain transimpedance 
high data processing events at certain detector stations, 35 photo diodes. Each detector subtends a fixed solid an- 
may send specific instructions to a selected set of such gle at the aerosol particle/laser beam region of intersec- 
detector stations to change their processing and/or tion and thus receives a corresponding fraction of the 
transmission rates. light scattered by. the aerosol particle throughout the 
[0041] The identification, classification, or character- particle's period of passage through the laser beam. In 
ization of each aerosol particle whose light scattering *o the preferred embodiment of this system, the detectors 
properties have been collected during its traversal will be positioned at discrete angular locations lying on 
through the illuminating light beam of each detector sta- • great circles whose common center is the point of inter- 
tion is based on subsequent on-board analyses of such section of the particle stream with the laser beam. If the 
data. In the preferred embodiment of this invention, laser produces plane polarized light, as will be the case 
some of the individual detectors located about the scat- generally, then detectors lying on the great circle for- 
tering chamber will include special optical analyzers in which the laser beam lies along a diameter are among 
front of them. Thus if the incident light is plane polarized the most important for the subsequent measurements 
with respect to a particular scattering plane, as will be to be made. For this plane so-defined, the polarization 
the case for the preferred embodiment, some detectors of the laser beam is chosen preferably to be perpendic- 
may include polarization analyzers so that depolariza- so u jar to this scattering plane. Some of the detectors 
tion effects may be monitored. It may be desirable also mounted on the scattering chamber will be fitted with 
to place an electricauy adjustable waveplate before optical analyzers shown in further in Fig. 2. 
some detectors such as a liquid crystal retarder. In this [0044] The aerosol particles 15 are conveyed through 
manner, it is possible to obtain the Stokes parameters the scattering chamber by means of a particle-free lam- 
of each scattering particle useful for further classifica- 55 mar flow sheath provided by the aerosol-handling mod- 
tion. Other elements that may be combined with the in- ule 3. In such a manner, each entrained particle will in- 
dividual detectors include narrow bandpass filters that tersect the beam at the center of the scattering chamber 
permit measurement of particle fluorescence when the before exiting the scattering chamber at exhaust port 9. 
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a 5 r- 'THmmod to fit analytically the time-versus- 
v f&f.ij collected in the DSP's RAM memory, 

; • • - r K>'-ndi produced by each detector. Since 

s.,,.. :V'.*- : 'oiiie generally will have a gaussian^ 
:>-y.< it- cv:.:cicr will generate a series of digitally 
c\ ■ ■ 2 -v-s^y va ues that will follow such a gaussian 
t ' « / .i.v s^..i!torcd light data is collected and converted 
■a,.;/»v ; panic's passage through the beam. The 
, .-•■«■ •*<;; process these data points and obtain the 
m-nr-jf". v.tiuc recorded which is then transmitted to 
f C ; V modulo 6. The complete set of intensity values 
P'^j'-k r^c corresponding set of detectors is then 
,1-,.**-: : f !^ CPU to yield the identification or clas- 
sitC*^^' •/ bartering particle. Some sets of inten- 
sity ^'(.jf». ivM^o'ed ind not classified further fol- 
lows; ih:'a:v."u. tne CPU-based program. 
[004SJ :•♦». * ■» c^ect and process such identi- 
icm.Q' : • station results to determine other aer- 
Obo! prt't*. H- ; : Livio following the on-board CPU in- 
btiut'tv 1 i. ^'•ui-.j ptupurties would be the types 
of prtftvK- c»*±sc<> c itaiogod as well as the calculated 
si/c (jistfifcuVicr- o? each c ass Periodically^ and again 
undo* on t>o.i' j p"oq» t im command, collected and procr 
csscd a.i! t .if e tc cn-ctcrcd to the central station via the 
toiomeJ'v ^oauv 7 Such module may receive also pro- 
gram mocj.'^^ons jrom the central station that are 
transferror to the CPU module 6 for immediate imple- 
mcntHtirtn' ^ nr.rnmpio si;ch a modification may be im- 
plement, -fi r-y ?ho CPU io increase the detector station 
sampling m!c .-ly causing the aerosol handling system 
to decrease «!s oiiuton of the sampled aerosol. All ele- 
ments of the detector station receive power from the 
power supc iy modu lc 8 wh ich may be con nected directly 
to an cxtcrr*i power grid be sustained by on-board bat- 
tery sources or ty such on-board batteries continually 
recharged by extern*! grid power such as found in con- 
ventional emergency lighting devices or by a solar pow- 
er panel . 

[0046J Figure 2 presents an interior view of a spherical 
scattering crMmDer 1 The atmospheric aerosol is sam- 
pled oy mcdns oi the aerosol handling system 3. This 
system includes components to filter air used to dilute 
the samoicd Horosol and transport the aerosol particles 
15 one.-at rt-trme n i sheath flow through the scattering 
chambo' exiting^ in? cutf:oworifice 9. Diluted samples 
are thus delivered ir the sheath flow through the laser 
beam 14 Itwi I e> along a diameter of the chamber. The 
laser beam is produced by the laser source 2 after col- 
limation by us associated collimator 10 and exits the 
scattering chamber 1 at the light trap 13. As discussed 
above, a panicle 15 passing through the laser beam 14 
produces an out going spherical scattered wave 16 in- 
tercepted by detectors 4 mounted in the scattering 
chamber Each detector is collimated by means of chan- 
nels 11 preferably cut into the chamber wall. Said chan- 
nels may contain additional optical elements to restrict 
further a detector's field of view and solid acceptance 
angle with respect to the scattering event 16. Such ele- 



ments 12 may be masks, simple lenses, or analyzers 
such as polarizers, optical waveplates to produce vari- 
ous retardations, interference filters for the measure- 
ment of fluorescence and other inelastic scattering phe- 
5 nomena. * 

[0047] In order to obtain sufficient light scattering da- 
ta, a sufficient number of detectors must be utilized. As 
•discussed earlier, the detectors are generally placed on 
great circles for scattering chambers of near spherical 

10 shape. The range of polar angles chosen will lie gener- 
ally between 5° and 1 75° and the azimuthal angles over 
the full 360° range. Previous studies of particles whose 
root mean squared radii lie below 1 000 nm have shown 
that of the order of 1 0 to 30 such detectors, suitably fitted 

is with optical elements such as polarizing analyzers and 
interference filters, are sufficient to yield discriminating 
optical observables by which means broad classes of 
aerosols may be differentiated. On the other hand, if the 
particles being detected are found to be of the same 

20 class and only subsequently detected members, of this 
class only are to be enumerated, then the "number"of 
detectors and the range of scattering angles required 

4 may be reduced significantly. Although a detector sta- 
' tion configured in the preferred embodiment may have 

25 30 detectors, collection of all of their associated signals 
may not be necessary once the predominant classes of 
aerosol particles have been identified By reducing the 
number of detectors required for particle classification, 
the sampling rate may be increased accordingly. The 

30 selection of which detector signals are used may be 
done on-board each detector station on the basis of a 
decision mad by its CPU or following direction from the 
central station. 
* [0048] Figure 3 shows a small complex of buildings 

35 with a small park area 1 7 whose protection against an 
aerosol intrusion is desired. Accordingly, detector sta- 
• tions 1 8 are deployed throughout the complex/Many will 
be placed on buildings at various locations, on walls and 
throughout the key interior regions of the buildings them- 

^0 selves. The latter would include air registers and any 
v open window locations. Preferably, most of the detector 
stations affixed to outer building surfaces will be at 
heights of several meters above the ground such as roof 
• t areas by which means airborne releases of aerosols will 

45 be detected early relative to the appearance of the aer- 
osol at the more threatening ground levels. 
[0049] Figure 4 presents an overview of the aerosol 
hazard characterization and early warning network, the 
subject of this invention. Several detector stations 18 

50 are shown schematically with their scattering chambers 
1 , sampled aerosol particles 1 5, aerosol-handling units 
3; DSP chips 5, CPU 6, and transmitter 7. The central 
station collects, buffers, and processes the data sets re- 
ceived from the plurality of detector stations 18 in its 

55 ...CPU unit 21. This unit includes telemetry switching and- ■ 
collating modules, central RAM and ROM memory to- 
gether with large storage capability. As the number of 
detector stations controlled by a- central station be- 
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comes larger, the central station CPU capabilities must 
increase, as well. It may be necessary to divide detector 
stations into sub-groups, each controlled by a central 
station, with the central stations themselves controlled 
by a master station. Pre-loaded software analyses 
threat potential and anticipated aerosol cloud move- 
ment. The latter function is significantly simplified in the 
present invention because the detector stations are 
widely dispersed. As an aerosol cloud moves, the rate 
at which threat particles are detected by individual sta- 
tions yields an immediate measure of cloud movement 
and diffusion. Increasing event rates indicates that the 
cloud is moving into the region being monitored whereas 
decreasing rates suggest that the threat elements are 
leaving the region. Such data would be integrated with 
more general meteorological data if and when available. 
Such monitoring is extremely important the follow the 
elevation of the threat cloud as particles begin to fall out 
of higher release altitudes into the characteristically low- 
er populated regions. From such threat analyses, the 
central station warning and alarm processor 22 sends 
updated information by alarm telemetry means 23 to 
various civil, police, emergency, and other agencies re- 
sponsible for population health and safety throughout 
and surrounding the monitored region. Such information 
includes estimates of threat characteristics, suggested 
activity to minimize casualties, aerosol movement and 
prognosis, evacuation suggestions, protection strate- 
gies, etc. The central station CPU unit 21 communicates 
also_with computetselected detector. stations instructing^ 
them to modify the following, as appropriate: sampling 
rates, analytical software, data transmission'rates, cal- 
ibration, etc. 

[0050] Many types of aerosols become affixed to the 
soil once they fall to that jevel. This is particularly true 
of biologically based aerosols including those that might 
be used for terrorist purposes. The key foran early warn- 
ing system is to detect the particles before they reach 
levels at which the local populations would be most af- 
fected. The July-August 1999 issue of the journal 
• Emerging Infectious Diseases, published by the Nation- 
al Center for Infectious Diseases center of the Centers 
for Disease Control and Prevention, reprints key papers 
presented at the' National Symposium on Medical and 
Public Health Response to Bioterrorism held in Arling- 
ton, VA on t'6-1 7 February 1 999. Among the papers pre- 
sented are two that describe distinct attacks on popula- 
tion centers by deployment of a bio-aerosol. A paper by 
Inglesby describes in considerable detail an attack us- 
ing anthrax spores released by a truck driving along an 
elevated road near a stadium where 74,000 people are 
attending an evening football game. "...As it passes the 
stadium, the truck releases an aerosol of powdered an- 
thrax over 30 seconds, creating an invisible odorless an- 
thrax cloud more than a third of a mile in breadth. The 
wind [a gentle breeze blowing from west to east] blows 
the cloud across the stadium parking lots, into and 
around the stadium, and onward for miles over the 



neighboring businesses and residential districts. After 
the anthrax release, the truck continues driving and is 
more than 100 miles away from the [stadium]... by the 
time the game is finished ... The driver of the truck and 

5 his associates leave the country by plane that night...." 
The author estimates that approximately 1 6,000 of the 
74,000 attendees will have been infected while another 
4000 would be infected in the business and residential 
districts downwind of the release which, of course, is de- 

io tected by no one. The author subsequently describes 
the epidemiology of anthrax cases caused by the re 1 
lease and the difficulties that traditional laboratories 
have in diagnosing the illness properly. 
[0051] With the present invention, the scenario during 

*5 and following the anthrax spore release will be changed 
significantly. During the release, the detector stations 
mounted atop and throughout the stadium will -detect 
and classify the release and its probable composition. 
This information will be transmitted to the central station 

20 almost immediately which, in turn, will result in a public 
announcement at the stadium. This announcement will 
be presented calmly, explaining the possibility that a 
dangerous release has been detected and then instruct 
the attendees to take immediate action in the form of 

25 covering their heads and faces with cloth or garments, 
to lie down and breath slowly through the preferably wet- 
ten ed cloth, and await further instructions for an orderly 
evacuation. In addition, the surrounding detector sta- 
tions will now be increasing theirsampling and reporting 

50_rates-undercontroLof_the.central. station. -With -the. new- 
flow of reports coming into the central station, the central 
station itself will be sending warnings to the threatened 
populated areas with frequent updates of aerosol move- 
ment and instructions for protecting the local population. 

35 The local medical treatment facilities will have been 
alerted also so they will be better prepared to diagnose 
properly the new patients that will be visiting in the days 
ahead. In addition, the release and its detection at the 
stadium will have triggered the central station to repro- 

40 gram surrounding detector stations to begin more fre- 
. quent sampling in the immediate vicinity of the primary 
release. In this manner, it becomes possible to track the 
releasing vehicle and estimate its. potential route and 
alert law enforcement authorities to intercept the vehi- 

45 cle. By virtue of this implementation of the preferred em- 
bodiment of this invention, the casualties will be reduced 
significantly, perhaps to fewer than 1 000. 
[0052] The paper by OToole on pages 540-546 de- 
scribes a scenario concerning an attack of unknown or- 

so igin involving the purported use of aerosolized smallpox . 
virus in an unknown carrier. No means or location is giv- 
en for the release of the aerosol. Only the subsequent 
epidemiology and confusions, again, with accurate di- 
agnoses of the infected population are discussed, it ap- 

55 pears highly certain that were the preferred embodiment 
of the present invention suitably deployed, the location 
and time of the initial release would have been deter- 
mined together with the progress of the aerosol well be- 
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fore any illness were detected. Such warning and cloud 

• tracking insure further that the clinical stations, suchas 
emergency rooms who would receive critically ill pa- 
tients, would have been forewarned as to the probable 
cause of such illnesses. ■ * 5 
[0053] \ There are many environmental issues that 
have not been discussed earlier concerning detector 
station deployment. Because many such stations will be 
placed in outdoor locations, they will be subject to large 
variations of weather including extreme summer heat, 10 
cold winters, rain, snow, icing conditions, high winds, 
etc. Accordingly, they must be protected from the effects 
that such variations might have on the ability of the units 

to function properly. ln this regard, some units will re- 
quire special hardening against the various environ- • is 
mental elements. It may be necessary to provide ade- 
quate insulation and perhaps even environmental con- 
trol. For example, a well- insulated unit might include a 
Pellier healer/cooler to maintain a stable local opera- 
tional environment. \ 20 
[0054] Other detection and early warning concepts 
have been discussed in the background section of this . 
• disclosure/One of the important objectives of the LI DAR 
systems, for example, is to look for characteristic signa- 
tures of potential biological threats. Fluorescence and 25 
UV activity are often accompanying signatures of a bi- . 
ological agent. Although the present invention can make 
fluorescence measurements on individual particles at 
longer wavelengths than that of the incident radiation by 
means of interference filters as earlier disclosed, it 30 

• would be a simple matter to add a pulsed UV source to 
the scattering chamber whereby the fluorescence re- * 
sponse from a single particle so-stimulated could be de- 
tected. The decision to look for such signatures in addi- " 
tion to the multiangle scattering pattern could be under 35 
the detector station's CPU control or, as received, from 

the central station. Such pulsing could be coincident . 
with the incident scattering radiation or separately ap- 
plied instead of it. There, are many variations of such 
ancillary measurements easily understood by those -'40 
skilled in the art of UV stimulation of biological materials. 
[0055] The powerful detector stations disclosed in this 
invention are capable, as has been described, of a va- 
riety of analytical processes. In addition to particle char- 
acterization and identification, such stations can collect 
sets of data, compare with previous data sets, deter- 
mine size distributions as well as changes in such dis- 
tributions, and numerous other functions well within the 
capabilities of a CPU interfaced with a data generation 
and collection system. Table 1 below is an example of so 
the type of data that m ight be telemetered by a detector 
station of the present invention that processes the vast 
array of data that it collects. This simulated collection 
set would have been transmitted on 8 June 2002 at 2: 
28 PM from detector station 31 4. The time interval since 55 
the last transmission, At, from this station was 2 minutes 
and 15 seconds. For these particular samplings, trans- 
missions at intervals less than 1 minute were not need- 



ed. Two major classes of aerosol particles were detect- 
ed and classified G and K, respectively. Minor constitu- 
ents were not classified. The root mean square radius 
for class 1 (corresponding to G particles) was 940 nm 
and that of class 2 (K particles), 320 nm. The change in 
rms radius since the last transmission for class 1 was ± 
10 nm while that of class 2 had decreased by 50 nm. 
' The full width at half maximum, FWHM, for class 1 was 
' 10 nm while that for class 2 was 75 nm. The change of 
the FWHM for class 1 in the 2 minutes and 15 seconds 
since the last transmission from this station was zero 
whereas that for class 2 had increased by 20 nm. The 
calculated particle concentration, p v for classl, taking 
into account sample dilution, was 250 per ml while that 
of class 2, n 2 , Was 700 per mi The corresponding 
changes in concentration for the two classes during the 
2 minute ,1 5 secondjnterval were both decreases of 200 
and 350 particles per ml, respectively. Finally, the dilu- 
tion factor used by the aerosol handling module during 
the reported^ transmission was 1 :30. The change of di- 
' lution factor since the last transmission was a decrease 
of a factor of 20. Thus the previously transmitted data 
were based on a dilution factor of 1 :50 compared to the 
present 1:30. The ambient density is thus decreasing 
thereby decreasing the amount of dilution required. 
Transmission, of the simulated data set of Table 1 re- 
quires a negligible bandwidth. The set of measured and 
derived variables that might be transmitted conveniently 
from even a large set of detector stations involving sev- 
eral thousand stations could be expanded to include 
other variables such as fluorescence response and var- 
ious particle morphological parameters thus could be 
expanded significantly without seriously impeding data 
collection and analysis by the central station. * 
[0056] The simulated data of Table 1 show character- 
istics of the two types of particles classified. For this par- 
ticular simulation, it was assumed that only the two dom- 
inant particle classes be enumerated, Both classes G 
and K show a decrease in concentration over the 2 min- 
utes and 15 seconds between collections. Class G ap- 
pears to have a stable size with an unchanging rms ra- 
dius and.full width of the size distribution at half maxi- 
mum, FWHM. Class K, on the other, hand, shows a 
marked increase in its FWHM and a significant decrease 
in its rms radius. Accordingly, these and similar deduc- 
tions can add further information to help classify and 
identify the classes detected. 



Tablel. 



Typical telemetered data (simulated) 


Time & detector stamp 


0608021 4:28#3 14 


At 


000215 


Particle Class 1 (nm) 


940 


Particle Class 2 (nm) 


320 


rms 1 (nm) 


940 
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Tabid, (continued) 



' , : telemetered data (simulated) 


1' mrr) 


320 


V ' 


±010 


v : 


:050 


» WMW 1 


010 


* WMM 2 


075 


V VVHM 1 


0 


v >VHM 2 


-020 




250 


fi. ' 


700 




-200 


r> : 


-350 




30 


* so* fnc!0fj . * 


-20 



[0057] A.-p-.ou^ the preferred embodiments of the 
aerosoi. rw^ra c«tt\ w*m ng system have been listed 
exploit, !rc*c Hfc mriny variations that will be obvious 
to those s» i m w:c in the an ol aerosol characterization and 
which rt ?c rv- ? cty ncorpo rated by reference into this dis- 
closure 
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Claims 

1 . An rtcrcsof rward characterization and early warn- 
ing network consisting of 

A> A piuMluy of detector stations positioned 
thi juc^hout the physical region to be protected 
thereby where each detector station is' com- 
priscc of 

o .t hght scattering chamber module con- 

.trtining 

m, aerosol sampling and handling 
modulo 

ib) a plurality of scattered light detec- 
tors. 

tc) a laser source producing a mono- 
chromatic collimated beam of incident 
light traversing a central plane of said 
chamber; 

ii) cectronic circuitry converting analog 
signals produced by said detectors into 
digital representations thereof; 
in) a central processing unit containing 
memory and processing means together 



35 



40 



45 



55 



with controlling and processing software 
that 

(a) controls said aerosol sampling and 
handling system; 
. (b) stores digital data produced from 
each particle light scattering event oc- 
curring as said aerosol particle cross- 
es said laser beam; 

(c) analyzes said data to characterize 
each aerosol particle from said parti- 
cle's set of stored digitized light scat- 
tering signals; 

(d) processes and stores the ensem- 
ble of said analyses of said character- 

. * ized particles for subsequent trans- 
mission; 

iv) a telemetry communication system that 

(a) sends processed data analyses to 
a central station; 

(b) receives modifying control, 
processing, and transmission instruc- 
tions from a central station; 

B) A central station that receives processed da- 
ta from each of the. detector stations, sends, if 
deemed necessary, each detector station mod- 
Jfied.samplingjnstructions-based-onsaid-cen- 
tral station analysis of data received therefrom, 
analyzes data received from said detector sta- 
tions to establish aerosol source cloud extent 
and movement, and communicates by telemet- 
ric means early warnings of threats posed by 
said cloud through said region to be protected. 
Said central station is comprised of 



i) A telemetric transmitting and receiving 
module; 

ii) A central processing unit, CPU. contain- 
ing switching and buffering means permit- 
ting data transmitted from ail detector sta- 
tions to be received and stored; 

iii) Analytical software permitting said CPU 
to analyze and process data so-received 
and to modify, as required, the sampling 
and analytical processes performed by 
each said detector station; 

iv) Separate telemetric module to transmit 
appropriate warnings to said protected re- 
gion of immanent threats based on said 
analyses and suitable measures suggest- 

* ed to mitigate said threat. 

The aerosol hazard characterization and early 
warning network of Claim 1 where said incident 
monochromatic beam of light is plane polarized. 
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3. The aerosol hazard characterization and early 
warning network of Claim 1 where said plurality of 
detectors include some that have been fitted with 
analyzers placed before them. 

5 

4. The aerosol' hazard characterization and early 
warning network of Claim 1 where said plurality of 
detectors lie along great circles with respect to the 
center of said light scattering chamber. • ' 

* 10 

5. The aerosol hazard characterization and early 
warning network of Claim 1 where said electronic 
circuitry converting each analog signal produced by 
each of said detectors into a digital representation 
tnereof consists of a preprogrammed digital signal is 
processing chip. 

6. The aerosol hazard characterization and early 
warning network of Claim 1 where said detector sta- 

l ons are powered by an on-board battery source. 20 

7. The aerosol hazard characterization and early 
warning network of Claim 1 where said detectorsta- 
tons arc powered by lino .source with a battery 
t.ickup source. 25 

8 The battery-powered network of Claim 6 where said 
r r *fi ^ry is maintained charged by solar cell charging 

30 

9 *hc aerosol hazard characterization and early 
»*rn.ng network of Claim 4 where said plurality of 
coicctors include some that lie in a plane perpen- 
c>cuur to the plane of polarization of said mono- 

enr orrwhebeam of light. 35 

10. The Hcrosol hazard characterization and early 
waning network of Claim 3 where said analyzers 
f.tc narrow band pass filters preventing thereby all 
iiqm -f rem entering said detector to which it is affixed 40 

. c' wavelength different from the wavelength inci- 
cen: upon the scattering particles. 

11. me aerosol hazard characterization and early 
warning network of Claim 3 where said analyzers 
r-.rc oianc polarizing and are affixed to detectors ly : 
mu, ri a plane perpendicular lo the plane of polari- 
zation of said incident beam. 

12. The aerosol hazard characterization and early sso 
warning network of Claim 1 where said CPU of each 
saic detector station calculates the mean size, size 
cistnbution. and changes in said mean size and size 
cistributioh of said characterized particles. 

55 

13. The aerosol hazard characterization and early 
warning network of Claim 1 where said laser source 
is a GaAs solid state laser. 



14. The aerosol hazard characterization and early 
warning network of Claim 1 3 where said laser Wave- 
length is of the order of 680 nm. 

15. The aerosol hazard characterization and early 
warning network of Claim 1 3 where power output of ' 
said laser source is of the order of 30 mW, 

16. The aerosol hazard characterization and early 
warning .network of ciaim 1 where said aerosol 
sampling and handling module dilutes said sampled 
aerosol source cloud and transports individual aer- 
osol particles within a sheath flow through said scat- 
tering chamber, said laser beam source, and exiting 
through an exhaust port. 

17. The aerosol hazard characterization and early 
warning network of Claim 1 where said plurality of 
detectors are high gain transimpedance photodi- 
odes. 

18. The aerosol hazard characterization and early 
warning network of Claim 3 where said analyzers 
include variable optical waveplates. 

19. The aerosol hazard characterization and early 
warning network of Claim 3 where said analyzers 
include electrically adjustable liquid crystal retard- 
ers. 

- 20. The aerosol hazard characterization and early 
warning network of Claim 1 9 where said processing 
software permits said detector station CPU to cal- 
culate Stokes parameters for each aerosol particle 
for which digitized detector signals have been col- 
lected. 

21. The aerosol hazard characterization and early 
warning network of Claim 1 where said light scat- 
tering chamber module includes UV light excitation 
source. 

22. The aerosol hazard characterization and early 
warning network of Claim 1 where said detector sta- 
tion scattered light detectors whose digitized sig- 
nals are to be processed and analyzed by said de- 
tector station CPU are placed at polar angles be- 
tween 5° and 175° "and azimuthai angles between , 
0° and 360°. 

23. A method for providing early warning of an impend- 
ing aerosol threat to a designated physical region 
comprising the steps of 

A) Placing throughout said physical region a 
plurality of detector stations where each detec- 
tor station contains 
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i) a light scattering chamber module means 
comprised of 

(a) an aerosol sampling and handling 
means; 5 

(b) a plurality of scattered light detector 
means; 

(c) a laser source producing a mono- 
chromatic collimated beam of incident 
light traversing a central plane of said 10 
chamber; 

ii) electronic circuitry means converting an- 
alog signals produced by said detectors in- 
to digital representations thereof; * *5 
Hi) central processing unit means contain- 
ing memory and processing means togeth- 
er with controlling and processing software 
thai 

20 

(a) controls said aerosol sampling and 
. handling system; 

(b) stores digital data produced from 
each particle light scattering event oc- 
curring as said aerosol particle cross- \25 
es said laser beam; 

(c) analyzes said data to characterize 
each aerosol particle from said parti- 
cle's set of stored digitized light scat- 
tering signals; 3 0 



(d) processes and stores the ensem- 
ble of said analyses of said character- 
ized particles for subsequent trans- 
mission; . 

iv) a telemetry communication means to 
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(a) send processed data analyses to a 
central station; ' 

(b) receive modifying control, process- 40 
ing, and transmission instructions from 

a central station; 

B) Receiving processed data from each of said 
detector station means at a central station 45 
means that would send, if deemed necessary, 
to each deteclor station means modified sam- 
pling instructions based on said central station 
means analysis of data received therefrom, to 
analyze data received from said detector sta- so 
tion means to establish aerosol source cloud 
extent and movement, and to communicate by 
telemetric means early warnings of threats 
posed by said cloud through said region to be 
protected. Said central station consists of 55 

i) A telemetric transmitting and receiving 
means; 



ii) A central processing unit means, CPU, 
containing switching and buffering means 
permitting data transmitted from all detec- 
tor stations to be received and stored; 

iii) Analytical software means permitting 
said CPU to analyze and process data so- 
received and to modify, as required, the 
sampling and analytical processes per : 
formed by each said detector station; 

. iv) Separate telemetric means to transmit 
appropriate warnings to said protected re- 
gion of immanent threats based on said 
analyses and suitable measures suggest- 
ed to mitigate said threat, 

24. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said incident monochromat- 
ic beam of light is plane polarized. 

25. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said plurality of scattered 
light detector means include some that have been 
fitted with analyzers placed before them. 

26. The method for providing early warning of an im- 
■ pending aerosol threat to a designated physical re- 
gion of Claim 23 where said plurality of scattered 

Jight_detectoLmeansJie^along_great _circles_with.re- : 

spect to the center of said light scattering chamber. 



27. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said electronic circuitry . 
means converting each analog signal produced by 
each of said scattered light detector means into a 
digital representation thereof consists of a prepro- 
grammed digital signal processing means. . 

28. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said detector station means 
are powered by an on-board battery means. 

29. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said detector station means 
are powered by line source with a battery backup 
source. 

30. The method of Claim 29 where said battery means 
is maintained charged by solar cell charging means. 

31. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 26 where said plurality of scattered 
light detector means include some that lie in a plane 
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perpendicular to the plane of polarization of said 
monochromatic light beam. 

32. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 25 where, said analyzer means are 

' narrow band pass filter means preventing thereby 
all light from entering said scattered light detector 
means to which it is affixed of wavelength different 
from the wavelength incident upon the scattering 
particles. 

33. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 25 where said analyzer means are 
plane polarizing and are affixed to. scattered light 
detector means lying in a plane perpendicular to the^ 
plane of polarization of said incident light beam. 

34. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said CPU means of each 
said scattered light detector station means calcu- 
lates the mean size, size distribution, and changes 
in said mean size and size distribution of said char- 
acterized particles. 

35. The method for providing early warning of an im- 
" pending aerosol threat to a designated physical re- 
gion of Claim 23 where said iaser source means is 

• a GaAs solid state laser. 

36. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 35 where said wavelength of said la- 
ser source means is of the order of 680 nm ' 

37. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 36 where said power output of said 
laser source means is of the order of 30 mW. 

, 38. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said aerosol sampling and 
handling means provides means to dilute said sam- 
pled aerosol source cloud and means to transport 
individual aerosol particles within a sheath flow 
means through said scattering chamber means, 
said laser beam source means, and exiting through 
an exhaust port means. 

39. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said -plurality of scattered 
light detector means are high gain transimpedance 
photodiode means. 
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40. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 25 where said analyzer means include 
variable optical waveplate means. 

41. The method for providing. early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 25 where said analyzer mean's include 

. electrically adjustable liquid crystal retarder means. 

42. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 41 where said processing software 
means permits said detector station CPU means to 
calculate Stokes parameters for each aerosol par- 
ticle for which digitized detector signals have been 
collected. 

43. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion .of Claim 23 where said light scattering cham- 
ber means includes UV light excitation means. 

44. The method for providing early warning of an im- 
pending aerosol threat to a designated physical re- 
gion of Claim 23 where said detector station scat- 

. tered light detector means whose digitized signals ' 
are to be processed and analyzed by said detector 
station CPU means are placed at polar angles be- 
tween 5° and 1 75° and azimuthal angles between 
0° and 360°. 
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warningYietwork is composed of a large number of de- 
tector and analysis units/called "detector stations," 
which are deployed throughout a region to be warned 
of a potentially hazardous aerosol intrusion. The signals 
detected at each detector station are processed by a 
corresponding digital signal processing chip with the re- 
sulting set of digitized signals being transferred to an 
on -board central processing unit. The CPU analyzes the 
set of light scattering signals and identifies or otherwise 
characterizes each particle. The classification/identifi- 
cation data are then stored and, on preprogrammed 
command, telemetered to a remote "central station" by 
means of an on-board telemetry unit. The central station 
- analyzes the sets of data received from all the detector 
stations and then instructs, as necessary, selected de- 
tector stations via telemetric means to change their 
sampling and telemetry rates. 
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